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Decades of experiments by many researchers proved that once the peptide chain of a natural protein is put in correct environments it will spontaneously fold to its native structure. Therefore, the guiding fundamental physical law must be the second law of thermodynamics. Anfinsen summarized this as the thermodynamic principle (he modestly called it hypothesis) of protein folding, that the native structure has the minimum Gibbs free energy and only depends on the peptide chain of the protein in physiological environment [1] . Thus, a cross section of complicated life phenomena, the protein folding, is reduced to a physical problem and should and can be solved accordingly.
Theoretically, all problems such as structure prediction and mechanics of folding process will be answered once we know the Gibbs free energy of protein folding, We start with the observable physical quantity, the electron density distribution function [2] ,
is the wave function of the Born-Oppenheimer approximation to the Hamiltonian of one molecule of U , and N is the number of electrons in U .
Since in natural, nascent peptide chains already have their peptide bonds and covalent bonds in residues formed, we will not discuss the bond lengths and angles. Instead, we assume that the values of those covalent bond lengths and angles in X are very close to the standard bond lengths and angles.
To apply statistical mechanics, we have to create a thermodynamic system X T tailor made for 
, we also classify every hydrogen atom into one of the H hydrophobicity classes.
The atomic space distribution of these hydrophobicity classes are highly depending on X and the peptide chain of U .
Exploiting these space distributions gives a way of applying the X p while not being able to calculate it. J a n u a r y 0 3 , 2 0 1 4 To describe the formula, we have to do some preparations. Rolling a probe sphere of radius r on the boundary 
is connected, then it is a closed surface. Thus, we always have
For any compact (closed and bounded) set
be the distance between the point x and the subset U . Define A water molecule is treated as a single particle centered at the oxygen nuclear position ). , ( Since N varies, we can adopt the grand canonic ensemble. The grand canonic density operator is given as ( [7] and [8] ) [7] , the entropy
The term ) (X  is the grand canonic potential  in [8] and the macroscopic potential in [7] , it is a state function with
, and e  . By the general thermodynamic equations [8] :
X J a n u a r y 0 3 , 2 0 1 4 (6) and (7), we have
In general,
By (8), (9) and 
Substitute (10) and (11) into (2), letting 
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were derived in [9, 10] , only without the Coulomb potential ) (X V . That is because the original definition of Born-Oppenhemer [11] was applied instead of the one in [6] , though mathematically they are equivalent, physical explanations of internal energy are different. After over 20 years of single molecule experiments, see for example, [12, 13] , the emerging of a single molecule theory of protein folding should be anticipated. In fact, theoretically directly applying fundamental physical laws to study protein folding is overdue for too long. And, against claims that protein folding is a practical field that does not need theory, it is much in need and need urgently. M , see [9] . They are integrable and with packages of molecular surface, for example, [14] , can be calculated precisely.
Lacking of theoretical guiding caused decades of misconceptions of protein folding problem. For example, the protein folding problem is artificially split into three parallel problems: 1. Folding code; 2. Structure prediction; 3. Kinetic process [15, 16] . They are treated separately as if no intrinsic relations could unify them. Absent of ) En , ; ( N X U G is the reason. In fact, code of protein folding in the meaning of the universal genetic code, does not exist [16] . Instead of code, the Gibbs free energy formula that governs the protein folding according the second law of thermodynamics, should be pursued. It not only provides physical basis and mathematical tools for ab initio structure prediction, but its gradient, the force , the three parts of protein folding problem will be treated uniformly.
